Abstract:
The relationship between parotid amylase secretion and the osmolality in the gastric contents of rats fed a pelleted or liquid diet was investigated. In sham-operated rats fed a pelleted diet, amylase activity in the parotid glands decreased, amylase activity in the plasma increased, and there was strong amylase activity in the gastric contents. As a result, both reducing sugar concentration and osmolality in the gastric contents increased. In parotid duct-ligated rats, the feeding of a pelleted diet affected neither parotid nor plasma amylase activity and there was little amylase activity in the gastric contents; this resulted in decreased starch digestion. The amylase activity in the gastric contents of rats fed a liquid diet was lower than that of rats fed the pelleted diet. Both the reducing sugar concentration and osmolality in the gastric contents of rats fed the liquid diet were lower than those of rats fed the pelleted diet. However, both the reducing sugar concentration and osmolality in the gastric contents of rats fed the liquid diet were higher than those in the liquid diet itself. A small quantity of parotid amylase seems to effectively digest a large part of the starch in the stomaches of rats fed the liquid diet. These findings suggest that amylase secreted from parotid glands increases osmolality in the gastric contents via the production of reducing sugars from starch in rats when fed either pelleted or liquid diets. [Japanese Journal of Physiology, 49, 507-512, 1999] sugar concentration in the gastric contents was used as the criterion for starch digestion by parotid amylase in the stomach.
MATERIALS AND METHODS
Animals. All animal protocols followed the Guiding Principles for the Care and Use of Animals approved by the Council of the Physiological Society of Japan. Male Wistar rats, 6 weeks old and weighing 160-180 g, and 8 weeks old and weighing 240-280 g (Shizuoka Laboratory Animal Center), were kept in individual metabolic cages in an air-conditioned room (22Ϯ2°C, light on from 8 A.M. to 8 P.M.) and fed a commercial pelleted diet (Oriental MF, Oriental Yeast) and water ad libitum for 2 weeks prior to use.
In the first experiment, at 8 weeks of age, the rats were divided into two groups: a sham-operated group and a parotid duct-ligated group. Both parotid ducts were ligated 1 cm from the oral cavity with fine silk thread under anesthesia with sodium pentobarbital (50 mg/kg, intraperitoneally, Abbott Laboratories). The sham-operated rats were anesthetized with sodium pentobarbital, and the parotid ducts were exposed. To obtain a constant food intake during the feeding experiment, periodic food restrictions were imposed 2 weeks after the operation for both the parotid duct-ligated and sham-operated control rats. For a period of 10 d, access to pelleted diet was limited to 4 h per day, from 10 A.M. to 2 P.M., while water was given ad libitum.
In the second experiment, at 10 weeks of age, the rats were divided into two groups. One group was fed a standard pelleted diet, while the other group was fed a liquid diet prepared daily by mixing two parts (wt) of water with one part (wt) of a powdered form of the standard diet (Oriental MF powdered, Oriental Yeast). To obtain a constant food intake during the feeding experiment, periodic food restrictions were imposed on both groups by limiting the free food access for a period of 10 d to 4 h per day, from 10 A.M. to 2 P.M., while water was given ad libitum.
Feeding experiment. On the 11th day after the start of the periodic food restrictions in both the first and second experiments, half of each group were kept unfed, while the other half was allowed to eat their regular pelleted or liquid diet for 1 h. The amount of diet and water consumed, and the weight gains were noted. The rats fed or unfed were all sacrificed by cervical dislocation and bled 2 h after the start of feeding. Plasma was obtained from trunk blood by centrifugation and used for the assay of amylase activity.
Both parotid glands and stomach were quickly re-moved. The parotid glands were rinsed with ice-cold 0.9% saline, weighed, and homogenized with ice-cold 0.02 M phosphate buffer (pH 7.0) containing 0.05 M NaCl in a Potter-Elvehjem glass homogenizer with a Teflon pestle. The homogenate was centrifuged at 2,000ϫg for 20 min at 4°C, and the supernatant was used for the assay of amylase activity. The stomach was dissected, and the gastric content was removed and weighed. The gastric content was cooled on ice, homogenized for 2 min, and divided into two parts. The procedure on ice inhibited the additional production of reducing sugars from starch by parotid amylase. One part of the gastric content was heated for 15-18 h at 110°C, and the water content was calculated by subtracting the weight after heating from that before heating. The other part of the gastric content was centrifuged at 2,000ϫg for 20 min at 4°C. The supernatant was used for the assay of pH, amylase activity, reducing sugar, sodium, potassium and chloride concentrations, and osmolality.
Assays. The amylase activity of plasma, parotid glands, and gastric contents was determined by the blue starch method of Ceska et al. [7] (Neo-Amylase Test, Daiichi Pure Chemical). Samples of plasma, parotid glands, and gastric contents were diluted 10-8,000 times before processing. The amylase activity was measured at 37°C and pH 7.0. The reducing sugars in the reaction mixture (maximum 1 mM) did not affect the amylase activity. The pH of the gastric content was measured at 4°C. The reducing sugar concentration of the gastric contents was determined with 3,6-dinitrophthalic acid used as the color-developing agent [8] . The sodium and potassium concentrations of the gastric contents were measured with flame photometry (775-A, Hitachi). The chloride concentration of the gastric contents was determined using a coulometric titrator (CL-7, Hiranuma Sangyo). The osmolality of the gastric contents was determined by freezing point depression (Fiske OM TM Osmometer).
Statistics. Two-way analysis of variance (ANOVA) was performed on the data of the amylase activity of plasma and parotid glands. Post hoc individual comparisons were made with the Scheffé's ttest. Student's t-or Welch's t-test was used to analyze differences between two groups. ligated and sham-operated control rats. The food intake during the 1 h of feeding was significantly higher in the rats fed the liquid diet than in the rats fed the pelleted diet (Table 1) .
Amylase activity in parotid glands
In the sham-operated control rats, the amylase activity in the parotid glands decreased significantly after the 1 h feeding. The amylase activity in the parotid glands of the parotid duct-ligated rats was markedly lower than that of the sham-operated control rats at fasting, and feeding did not affect the amylase activity in the parotid glands of the parotid duct-ligated rats (Fig. 1A) . The amylase activity in the parotid glands of the rats fed the liquid diet at fasting was markedly lower than that of the rats fed the pelleted diet, and feeding tended to decrease the amylase activity in the parotid glands of the rats fed the liquid diet, but the decrease in parotid amylase activity was not statistically significant. (Fig. 1B) .
Parotid Amylase and Gastric Osmolality sham-operated control, ϩ pϽ0.001 vs. pelleted diet, ** and ϩϩ pϽ0.001 vs. before feeding. 
Amylase activity in plasma
In the sham-operated control rats, the amylase activity in plasma increased significantly after the 1 h feeding. The amylase activity in the plasma of the parotid duct-ligated rats was not different from that of the sham-operated control rats at fasting, and feeding did not affect the amylase activity in the plasma of the parotid duct-ligated rats ( Fig. 2A) . The amylase activity in the plasma of the rats fed the liquid diet did not differ from that of the rats fed the pelleted diet at fasting; feeding did not affect the amylase activity in the plasma of the rats fed the liquid diet (Fig. 2B) .
Weight, water content, pH, and amylase activity in the gastric contents
There were no differences between the weight and water contents of the gastric contents of the sham-operated control and parotid duct-ligated rats. The pH of the gastric contents was significantly lower in the parotid duct-ligated rats than in the sham-operated control rats. The amylase activity in the gastric contents was markedly lower in the parotid duct-ligated rats than in the sham-operated control rats. Both the weight and water contents of the gastric contents were significantly higher in the rats fed the liquid diet than in the rats fed the pelleted diet. The pH of the gastric contents did not differ for the two groups. The amylase activity in the gastric contents was markedly lower in the rats fed the liquid diet than in the rats fed the pelleted diet ( Table 2) .
Reducing sugar, sodium, potassium and chloride concentrations, and osmolality in the gastric contents
Parotid duct ligation markedly reduced the reducing sugar, sodium and chloride concentrations, osmolality, and the ratio of reducing sugar concentration to osmolality in the gastric contents, while this treatment did not affect the potassium concentration in the gastric contents. The reducing sugar, sodium, potassium and chloride concentrations, osmolality, and the ratio of reducing sugar concentration to osmolality in the gastric contents were markedly lower in the rats fed the liquid diet than in the rats fed the pelleted diet (Table  3) . 
Reducing sugar
Osmolality ϫ100
DISCUSSION
Both the decrease in parotid amylase activity [1, 4-6, 9, 10] and increase in plasma amylase activity [11] are known to reflect the amylase secretion from parotid glands in normal rats when feeding a pelleted diet. At the moderately acidic pH in the rat stomach, the amylase secreted from the parotid glands maintains its activity [2, 3] , similar to the situation in humans [12] , and for normal rats fed a pelleted diet, the amylase activity in the gastric contents is considered to reflect the amylase secretion from the parotid glands.
In the sham-operated control rats, the amylase activity in the parotid glands decreased and that in the plasma increased when feeding the pelleted diet. The decrease in gland amylase activity during feeding was about 9,800 U/total glands, and there was strong amylase activity in the gastric contents (about 5,300 U/ total content); as a result, both the reducing sugar concentration and osmolality in the gastric contents increased. There was little amylase activity in the parotid glands of the parotid duct-ligated rats at fasting (about 22 U/total glands), and the feeding of pelleted diet affected neither the parotid nor plasma amylase activity, indicating that amylase secretion from the parotid glands decreases markedly when feeding a pelleted diet, and that this results in decreased amylase activity in the gastric contents of the parotid duct-ligated rats (about 1 U/total content). Both the reducing sugar concentration and osmolality in the gastric contents were lower in the parotid duct-ligated rats than in the sham-operated control rats. These findings suggest that parotid amylase increases osmolality in the gastric contents via the production of reducing sugars from starch when fed a pelleted diet.
About 2% of the parotid amylase activity occurs in von Ebner's glands and the amylase is secreted from von Ebner's glands when feeding a pelleted diet [13] . The small amount of amylase in the gastric contents of parotid duct-ligated rats fed a pelleted diet may derive from von Ebner's glands, and this may produce a small amount of reducing sugars in the gastric contents.
The lower pH of the gastric contents of the parotid duct-ligated rats suggests a reduced salivary bicarbonate secretion. Sodium and chloride concentrations in the gastric contents were significantly lower in the parotid duct-ligated rats than in the sham-operated control rats, suggesting that parotid salivary secretion is inhibited by the ligation of the parotid duct. The decrease in sodium chloride secretion from the parotid glands may explain some of the decrease in gastric osmolality in the parotid duct-ligated rats fed the pel-leted diet.
At fasting after 10 d of restricted feeding, the amylase activity in the parotid glands was markedly lower in the rats fed the liquid diet than in the rats fed the pelleted diet. These results agree with previous studies [14] [15] [16] . The 1 h feeding with a liquid diet affected neither parotid nor plasma amylase activity, and the amylase in the gastric contents was markedly lower in the rats fed the liquid diet than in the rats fed the pelleted diet. Both the reducing sugar concentration and osmolality in the gastric contents were lower in the rats fed the liquid diet than in the rats fed the pelleted diet. These findings suggest that the decrease in amylase secretion from the parotid glands results in a decrease in both reducing-sugar production from starch and osmolality in the gastric contents of the rats fed the liquid diet. The increase in water intake and water content of the gastric contents of rats fed the liquid diet indicates that the gastric contents were diluted with ingested water. The decreases in the sodium and chloride concentrations were significantly larger than the decrease in potassium concentration in the gastric contents of the rats fed the liquid diet, suggesting that parotid salivary secretion decreased in the rats fed the liquid diet. Both the decrease in parotid salivary secretion and dilution of gastric contents with ingested water explain the marked decrease in the osmolality of the gastric contents of the rats fed the liquid diet. In a preliminary study, it was observed that the gastric emptying of foods was faster in rats fed a liquid diet than in rats fed a pelleted diet. The increased gastric emptying of foods in the rats fed the liquid diet may decrease the amylase activity, reducing sugar concentration, and osmolality in the gastric contents.
The total amylase activity in the gastric contents of the rats fed the pelleted diet was 4,746 U, and it was 66.4 U with the liquid diet. Although the amylase activity in the gastric contents was markedly lower in the rats fed the liquid diet than in the rats fed the pelleted diet, the reducing sugar concentration in the gastric contents of the rats fed the liquid diet was higher than that in the liquid diet itself. The reducing sugar produced in the gastric contents of the rats fed the pelleted diet for 2 h was 1.37 mmol, and it corresponds to 11.4 U of amylase activity; this activity was 0.25% of the total amylase activity in the gastric contents. The reducing sugar produced in the gastric contents of the rats fed the liquid diet for 2 h was 0.84 mmol, corresponding to 7 U of amylase activity, 10.5% of the total amylase activity in the gastric contents. A small quantity of parotid amylase seems to effectively digest a large part of the starch in the gastric contents of the rats fed the liquid diet. The physiological role of a small quantity of parotid amylase has been observed in the intestinal contents of exocrine pancreatic-insufficient rats [17] . The increased water content in the gastric contents of the rats fed the liquid diet may increase the interaction between amylase and its substrate. The osmolality in the liquid diet was similar to that of plasma [18] , while the osmolality of the gastric contents of the rats fed the liquid diet became hypertonic. Amylase secreted from parotid glands increases the osmolality in the gastric contents via the production of reducing sugars from starch when feeding pelleted or liquid diets.
